Assistive devices (ADs), also referred to as assistive technology, are "items frequently used by people with functional deficits as alternative ways of performing actions, tasks, and activities" (LaPlante, Hendershot, & Moss, 1992, p. 2) . Examples of ADs include walkers, wheelchairs, raised toilet seats, and grab bars. It is now widely recognized that ADs aid functional independence, enabling older adults to remain active when facing disability in activities of daily living (ADL; Agree & Freedman, 2003; . The use of ADs has risen substantially in the past 20 years, and current estimates reveal that approximately one third of all adults aged 65 years or older use at least one device (Freedman, Agree, Martin, & Cornman, 2006; Schoeni, Freedman, & Martin, 2008; Spillman, 2005) . From another viewpoint, more than half of all AD users are older adults, and demand is expected to increase due to population aging and growing sales and acceptance of such aids (Centers for Disease Control and Prevention and The Merck Company Foundation, 2007) .
ADs can be an important resource for older adults, but timely adoption can mean the difference between maintaining and losing one's functional independence. We conceptualize the adoption of ADs as a response to the disablement process, but find that many previous studies of the topic rely on interpretations from cross-sectional analyses or point estimates of disability. The present study makes use of 10 years of data from a longitudinal panel study to identify incident disability and whether it, in turn, increases the likelihood of using one or more ADs.
Disability Dynamics and Use of ADs
The disablement process can be an abrupt transition for some people, such as for stroke victims (Gitlin, Luborsky, & Schemm, 1998) , but it is a long and somewhat circuitous process for others. Research during the past decade has revealed that many functional limitations emerge during late middle age and that many older people experience spurts, plateaus, and declines in disability (Manton, 2008; Manton, Gu, & Lamb, 2006; Schoeni et al., 2008) . Despite predictions of a compression of morbidity (and disability), most people spend years adjusting to growing disability, seeking help through environmental modifications, health care, and activity accommodations to manage their conditions (Verbrugge & Jette, 1994) . ADs are one such resource that many people use effectively in the struggle to maintain functional independence (Verbrugge, Rennert, & Madans, 1997) .
Broadly speaking, previous research focused on ADs has had one of two main aims. First, several studies identify trends over time in the use of ADs, and most such studies use data from cross-sectional studies, including repeated cross sections (Freedman et al., 2006; Spillman, 2005) . The overall trend is straightforward-increasing use of ADs-but especially for devices to aid walking, bathing, and toileting (Freedman et al., 2006; Russell, Hendershot, LeClere, Howie, & Adler, 1997) .
Second, a number of studies have been conducted to identify which older adults are most likely to adopt ADs to help maintain their functional independence. Findings from these studies generally concur that advanced age and disability are the most consistent predictors of use of ADs by older adults (Agree, Freedman, Cornman, Wolf, & Marcotte, 2005; Agree, Freedman, & Sengupta, 2004; Cornman et al., 2005; Hartke, Prohaska, & Furner, 1998; Tomita, Mann, Fraas, & Stanton, 2004) . At the same time, there is some evidence of a nonlinear relationship between disability and AD use: a rise in AD use across low-to-moderate levels of disability but less so thereafter suggesting a threshold effect (Mathieson, Kronenfeld, & Keith, 2002) . Research on predictors of AD use has also addressed the related question of whether such devices supplement or substitute for personal care. Most studies of these processes provide support for a process of supplementation (Agree, 1999; Hoenig, Taylor, & Sloan, 2003; Manton, Corder, & Stallard, 1993) , although ADs may substitute for informal care on specific tasks (Agree & Freedman, 2000; Agree et al., 2005) .
Previous research has contributed much to our understanding of the magnitude of recent increases in AD use and who is likely to adopt them, but we identify four limitations of prior research in order to advance our knowledge and improve interventions. First, most studies examine overall disability, but Verbrugge and colleagues (1997) showed that lower body disability is more consequential to AD use. Accordingly, we differentiate upper and lower body disability as predictors of ADs.
Second, beyond age and disability, there is little agreement in the literature as to other factors that predict AD use. For instance, some studies show that persons with less education are more likely to use ADs (e.g., Kaye, Kang, & LaPlante, 2000) , whereas other studies show the opposite (e.g., Cornman et al., 2005) . Similarly, there is inconsistency in reports of racial differences in AD use (cf. Cornman & Freedman, 2008; Kaye, Yeager, & Reed, 2008) . Moreover, some variables that are theoretically relevant have received scant attention. One example is obesity, which many studies show is related to disability (Ferraro & Kelley-Moore, 2003; Guralnik, Fried, & Salive, 1996) , but few studies actually examine whether obesity increases AD use Verbrugge & Sevak, 2002) . The current study considers these and other covariates while prospectively modeling use of ADs over time.
Third, there is some disagreement as to what actually constitutes AD use. Some studies (including the present one) identify ADs used specifically for physical disability (Hoenig et al., 2003; Jette, 1994; Manton et al., 1993) , but other studies use a more expansive definition that includes visual, cognitive, and hearing devices (Mann, Ottenbacher, Hurren, & Tomita, 1995; Mann et al., 2008; Tomita, Mann, Fraas, & Burns, 1997) . Of course, with the more inclusive definition, nearly all older adults would be AD users. In addition, Cornman and colleagues (2005) show quite convincingly that some surveys underestimate AD use by posing the question to only those respondents who report difficulty with daily activities. This decision may contribute to inconsistency in findings on the topic and understate the importance of AD use in the daily lives of older people.
Fourth, if AD use is presumed to be a resource that is activated in response to growing disability, longitudinal panel studies are needed to uncover how people respond to the disability episodes. Cross-sectional analyses might even give the appearance of less disability if AD use is part of the question tapping performance of activities. The extant literature is replete with cross-sectional analyses as well as calls for panel studies (e.g., Agree et al., 2004 ). Nevertheless, we were able to identify only one study that used a prospective two-wave panel design on a national sample (Cornman & Freedman, 2008 ) and a few others that are experiments, testing the effect of AD use on a select sample over time (Gosman-Hedström, Claesson, & Blomstrand, 2002; Mann, Ottenbacher, Fraas, Tomita, & Granger, 1999; Mann et al., 2008) .
There are two primary reasons why longitudinal panel designs make sense for research on ADs. First, illness episodes are the likely turning points in AD adoption. During the early stages of a disease, a person may be able to manage their condition without an AD, but the advanced stages of a disease may mean that the person needs to do more to maintain the same functional level. Tracking this over time is important. Indeed, Agree and colleagues (2004, p. 267) called for incorporating change in disability into the study of the "dynamic acquisition process" whereby older people adopt an AD-and this is precisely the aim of the present analysis.
Second, as disability increases, it may diffuse to other domains of functioning (Ferraro & Shippee, 2009) . Do most people use multiple devices within one domain of functioning? Or might the disablement process lead to AD use in multiple domains of functioning? To answer these questions, it would be helpful if research could not only identify who uses ADs-and how many-but also the number of functional domains affected. As the number of domains rises for which a person uses one or more ADs, this is likely an indicator of overall vulnerability.
Three main research questions guide the present research. First, does incident disability lead to the use of one or more ADs? Second, if yes, do both upper and lower body disability increase the likelihood of adopting ADs? Third, does rising disability also lead to domain diffusion in the adoption of ADs? Answers to these questions are vital to effective intervention by health care personnel and caregivers who assist older adults with ADLs. Our aim is to capture important transitions in the disability process as it unfolds and test the effect that this change has on subsequent use of ADs.
Methods

Sample
Data for this study come from the National Long Term Care Survey (NLTCS), a nationally representative sample of those aged 65 years and older in the United States, drawn from the Medicare beneficiary list, accounting for 97% of U.S. older adults (Manton, Corder, & Stallard, 1997) . Even though the NLTCS began in 1984, the current study focuses on the three most recent waves of data : 1994, 1999, and 2004 . The 1994 survey will be referred to as W1 (Wave 1), 1999 as W2, and 2004 as W3. Although the NLTCS tracks respondents who enter institutions, measures needed for this study vary across the institutional and community surveys. Therefore, only communitydwelling older adults were included here.
A detailed questionnaire was administered during 1994 to 4,126 chronically disabled persons (i.e., difficulty performing an ADL or independent activity of daily living for at least 3 months) and a sample of 963 nondisabled older persons, resulting in 5,089 respondents. The inclusion of initially nondisabled persons is important given our aim to capture incident disability as it occurs naturally.
Among the 5,089 W1 respondents, 1,706 (33.5%) died by W2; 320 (6.3%) were institutionalized; and 600 (11.8%) were nonrespondents. Among the 2,463 interviewed at both W1 and W2, 957 (38.9%) died by W3, 131 (5.3%) were institutionalized, and 328 (13.3%) were nonrespondents. Analyses proceeded with 2,436 respondents between W1 and W2 and 1,047 respondents across three waves.
To account for sample attrition, multivariate analyses are adjusted with selection bias modeling (Heckman, 1979) . A probit model predicting death was estimated with the following predictors: age, gender, lives alone, body mass index (BMI), personal care, upper body disability, lower body disability, incident lower body disability, self-rated health, smoker, and whether a proxy provided responses to the cognitive questions. A selection factor based on the inverse Mills ratio of the probit results was used to adjust for attrition in the final equations.
Measures
Two dependent variables were created to assess use of ADs. (Of note, we follow Agree & Freedman's, 2000 , use of the term "assistive device" as opposed to "assistive technology" because of our focus on ADL disability; see also Cornman et al., 2005) . The first is an overall count of ADs that respondents reported currently using, referred to as number of ADs used. When respondents indicated they used devices for both getting into or out of bed and getting around indoors, each device was counted only once. Respondents could report using as many as 29 ADs, but 88% reported using 5 or fewer ADs in 2004. A complete list of ADs used in the analyses is found in Table 1 (note a).
The second dependent variable is the number of ADL domains for which respondents reported using one or more ADs. This measure, number of ADL domains with AD, taps AD use across domains of ADL (i.e., eating, dressing, getting in/out of bed, getting around indoors, bathing, and toileting). Use of these two outcomes enables us to compare the robustness of predictors by differentiating between people who use many devices within a single ADL domain and those who use few devices spread across several ADL domains.
Disability was measured with the Nagi items and differentiated as upper and lower body (Nagi, 1976) . Lower body disability questions asked respondents the degree of difficulty experienced climbing one flight of stairs, walking to the end of the room and back, bending to put on socks or stockings, and lifting a 10-pound package and holding it for a few minutes. Upper body disability captured the degree of difficulty respondents experienced reaching above their head, combing and brushing their hair, washing their hair, and using fingers to grasp and handle small objects (no Nagi items were used for both disability variables). Responses for each disability variable were captured on a 4-point scale (0 = not difficult, 1 = somewhat difficult, 2 = very difficult, and 3 = cannot do the task at all). Each disability index has an alpha reliability coefficient greater than .80 at each wave. To capture incident disability, persons who experienced an increase in disability were assigned the difference between waves (top-coded so that 6 = 6 or more). Persons who were followed at all three waves and had no change between W1 and W2 (n = 411) or experienced a disability decline (n = 266) were assigned a value of 0.
Personal care was measured with a binary variable if the respondent reported someone helping them to perform at least one ADL during the previous week. To assess the potential influence of BMI, we used a categorical form of kilograms per Note: AD = assistive device; ADL = activity of daily living; BMI = body mass index (kg/m 2 ); NLTCS = National Long Term
Care Survey. a Number of ADs used included the following, which are ranked in order from most to least frequently used at W3 among respondents who participated at all three waves: Shower seat/tub stool, grab bars/handle bars for bathing, walker, cane, raised toilet seat, rubber mat for bathing, hand-held shower, rail/grab bar for toileting, wheelchair, portable toilet/bedside commode, special underwear/diapers, indoor railing, furniture/walls to get around indoors, bedside railing, bedpan or urinal, lift to get in/out of bed, oxygen/respirator, orthopedic shoes, elevator/escalator, brace (leg or back), crutch, prosthesis, and chairlift on stairs. Respondents also indicated whether they used "any" AD for eating and dressing and were asked whether they used any "other" ADs for each of the ADL domains-both of these items were included in count of ADs at W2 and W3. 
Analytic Plan
Given the overdispersion of the outcome variables, negative binomial regression was selected as the statistical estimator (Long, 1997) . All analyses were conducted with Stata 10 (StataCorp, 2007).
The analysis was divided into two main stages. First, equations predicting number of ADs used at W2 and the number of ADL domains with ADs at W2 were estimated; two models were estimated for each outcome, where the W1 variable of the outcome was excluded and then included. The first model provides point estimates at W2 and the second reveals change in the outcome. Second, negative binomial regression models were estimated to examine change in the outcomes by W3. We capitalized on the three waves of data to isolate the influence of both initial disability (W1) and incident disability (between W1 and W2, using lagged models). In both stages, we tested for potential statistical interactions (e.g., age and disability) and polynomial terms for independent variables (e.g., disability).
Results
Descriptive statistics for the sample are presented in Table 1 . AD use increased substantially over the decade, from 1.26 at W1 to 2.05 at W3 (p < .001). The number of ADL domains with AD also increased over time (p < .001). At W1, the majority of respondents were either normal weight (44%) or overweight (31%); about 17% were obese. Approximately one quarter of respondents reported receiving personal care at W1. Lower body disability was greater than upper body disability, with W2 respondents reporting a value of about 2 for upper body disability and about 4 for lower body disability. Table 2 displays the results of the negative binomial regression analyses for the two W2 dependent variables, and two models are presented for each outcome. Model 1 provides estimates of overall AD use at W2; Model 2 adds AD use at W1 in order to examine the adoption of ADs since W1.
Findings from Model 1 of Table 2 are quite similar across the W2 two outcomes. The number of ADs used and the number of ADL domains with ADs were higher for persons who were older, had more education, obese, received personal care, and had more lower body disability. When AD use at W1 was added in Model 2-predicting change in AD use from W1 to W2-most results are consistent with Model 1, except that personal care is no longer significant. Across all four equations, lower body disability predicts AD use, but upper body disability is not independently related to the outcomes.
Supplementary analyses reveal that 42% of respondents present at W1 reported using ADs for bathing and/or indoor mobility difficulty at W2, which are devices that are more useful to those with compromised lower body function and require a certain degree of upper body strength and dexterity to operate. The percentage of respondents using bathing and/or mobility devices increased to 50% by W3.
The results displayed in Table 3 carry the analyses forward to W3 and take advantage of data from the prior two waves. Both Models 1 and 2 include the W2 measure of AD use in order to focus on change in use of ADs. Model 1 for number of ADs reveals that age, obesity, and lower body disability at W2 are associated with an increase in AD use by W3. Again, upper body disability was not a significant predictor of AD use. In addition to initial level of lower body disability (W1), Model 1 also includes a variable for incident lower body disability (between W1 and W2), which is associated with the adoption of additional ADs (p < .01). (Incident upper body disability was not included in the equation due to the W2 level of upper body disability having no significant influence on AD use in W3.)
Several interactions between incident lower body disability and predictors were tested in supplementary analyses, and the product term of incident disability and age was significant as shown in Model 2 of Table 3 . The effect of incident lower body disability on AD use varies across age groups. Incident lower body disability increased AD use, Compared with those with a normal BMI (18.5-24.9). *p < .05. **p < .01. ***p < .001.
but this relationship was moderated somewhat for the oldest respondents. Note also that with the interaction specified in Model 2, overweight emerged as a significant predictor of using more ADs by W3, and the mortality selection factor (l) was also significant. The last two equations (columns) in Table 3 display similar models for the second outcome. Findings for the number of number of ADL domains with ADs are quite similar. The pattern of significant relationships for Model 1 is similar to the equation for number of ADs used, but the effect due to initial lower body disability is slightly stronger for number of ADLs with ADs.
The findings from Model 2, which include the interaction between age and incident lower body disability, are similar to those for the first outcome, albeit overweight is not significant. The product term in Model 2 reveals the same pattern: Incident lower body disability increases AD use but this relationship is stronger for the younger members of the sample.
To better understand the interaction between age and incident lower body disability that was observed for both outcomes, we provide a graphical representation for two different levels of AD use at W3 while controlling for the demographic, BMI, and disability variables. Using a logistic regression model, Figure 1 displays the predicted probability of using one or more ADs at W3 across four age groups while accounting for incident lower body disability between W1 and W2. As shown in Figure 1 , the probability of using one or more ADs by W3 varies considerably by age even if there was no new disability between W1 and W2. Incident lower body disability, however, raised the likelihood of using ADs for all age groups, and the slope for persons aged 65-69 years was fairly linear. By contrast, for the oldest respondents, the slope rose faster across incident disability and then tapered off at the highest levels approaching 100% saturation. Figure 2 predicts the probability of a less frequent scenario-when a person used three or more ADs at W3. Again, there are age differences even with no incident disability. The slopes for the middling age categories are fairly linear. By contrast, the probability of using three or more ADs rose more slowly across incident disability for the youngest age group and rose faster for the oldest age group before tapering off at about 80%.
Discussion
Several years ago, Agree and colleagues (2004, p. 267) called for research to examine use of ADs as a "dynamic acquisition process, with attention to age and disability severity." We sought to answer that call by using three waves of panel data from a nationally representative sample of older adults to examine how ADs are adopted by persons facing ADL disability. The current study examines not only who is more likely to use ADs but also how incident disability and prior AD use influence number of ADs used and the number of ADL domains for which ADs are used. Three research questions were examined in the present study. First, we sought to determine whether incident disability leads to the use of one or more ADs. Although many gerontologists no doubt conceptualize AD use as a consequence of the disablement process, we are unaware of any nationally representative studies that used three or more waves of data to isolate whether incident disability accelerates the adoption of ADs. The present study found consistent evidence across two different outcome variables that incident disability is the precursor of AD adoption. This is not to say that baseline levels are unimportant; they are and result in AD adoption. Nevertheless, incident disability leads to additional use of ADs. For practice, therefore, it may be helpful to identify persons in the early stages of incident disability to optimize the effectiveness of ADs.
Second, we sought to determine if both upper and lower body disability increase the likelihood of adopting ADs. Although some studies do not differentiate types of disability, findings from the current study are consistent with other investigations showing that lower body disability is the engine of AD adoption (Cornman & Freedman, 2008; Spillman, 2005; Verbrugge et al., 1997) . In addition, the present research builds upon this finding by demonstrating that AD use is not only driven by baseline levels of lower body disability but also by incident lower body disability as well. We believe that there is now ample evidence to call for distinguishing between these two forms of disability in order to identify persons who are likely adopters of ADs.
Third, we asked whether increasing disability also leads to domain diffusion in the adoption of ADs. This is an important question for intervention. Are older people in need of additional devices for one domain of ADL functioning or will the need spill over into other domains? Our results point to the latter. When incident lower body disability occurs, it leads not only to additional AD use within one domain, but across multiple domains. Underlying physical capacity is important for the performance of many ADLs. Persons who have difficulty with transfers to the toilet are probably also at risk for transfers involving getting in/out of bed. Future research could confirm this by investigating the sequence of AD adoption among older adults. These results from the NLTCS clarify that incident lower body disability diffuses to AD use across ADL domains.
While answering these three research questions, two additional conclusions emerged as noteworthy. First, as suggested by Agree and colleagues (2004) , age merits special attention. Based on this national sample of older adults, AD use varied by age in a nonlinear way. Although there are age differences in the likelihood of AD use-such that persons of advanced age (80+ years at W1) used more devices-we also observed a tapering of the rising probability of AD adoption for the oldest age groups (perhaps reflecting a saturation effect for the oldest respondents). Small changes in incident lower body disability were associated with rising AD use among the youngest respondents, an important finding for intervention efforts. Second, we were struck by the consistent predictive ability of obesity as a risk factor for AD use. Across all models, regardless of the outcome considered, obesity was a consistent, significant, and positive predictor. Obesity is clearly a risk factor for disability, but few previous studies have included it as a predictor of AD use. Of those that did, the results revealed either no influence on AD use (Verbrugge & Sevak, 2002) or few findings that merited discussion (Cornman & Freedman, 2008) . The current study reveals the lasting impact that obesity has on the use of ADs: Those who were obese at either W1 or W2 were more likely to use a greater number of ADs at W2 and W3, respectively. Given the increased prevalence of adult obesity during recent decades, it should be recognized as a critical risk factor for both disability and AD use. This study's contributions must be weighed against three limitations. First, although we devised an analytic plan to take advantage of the sequence of events observed in these data, the NLTCS 5-year time frame is fairly coarse when attempting to measure both incident disability and AD use (see also Freedman, Martin, & Schoeni, 2002; Spillman, 2005) . Whereas the precise date of AD adoption was not known, we know only that it occurred during the 5-year period between surveys. Accordingly, we used a lagged analytic strategy to guard against conclusions that could be due to reverse causality (because both incident disability and AD adoption can occur within either of the 5-year periods). This strategy enabled us to isolate the influence of incident disability on adoption of ADs, but the 5-year periods are fairly long for studying these dynamic processes. There is clearly a need for research with shorter time frames to detect early stages of incident disability.
Second, although we theorized that incident disability is a risk factor for AD use, there are other factors that merit attention, including illness episodes and hospitalizations (Wolff, Agree, & Kasper, 2005) . Hospitalizations linked to specific illness episodes such as a stroke serve as a gateway to both incident disability and AD use (Gitlin et al., 1998) . Now that we have documented that AD adoption is linked to incident disability, there is a need for future research to identify these "upstream" factors that may lead to both rising disability and AD use.
Third, although we know that AD adoption does not occur in a social vacuum, the NLTCS does not provide information on which social network members facilitate the process. We envision caregivers as pivotal agents in the decision to use ADs, but this proposition merits systematic examination in future research.
Implications for Policy and Practice
Our findings have implications for caregivers, clinicians, and policy makers, and we articulate two that are especially important. First, according to several studies, poor lower body function is a strong indicator of additional functional decline among older adults (e.g., Guralnik et al., 2000) . We found that incident lower body disability triggers a response of increased reliance on ADs-and across multiple ADL domains-to counteract the slippery slope associated with functional decline. Moreover, those who begin experiencing this decline after age 70 are especially sensitive to respond to this change by using more ADs. Therefore, clinicians and caregivers should take note of increases in lower body disability among those benefitting from their care and be prepared to respond by suggesting the use of ADs to effectively bridge the gap between impairment and function. Medicare's durable medical equipment benefit has helped millions of Americans obtain ADs, but many remain unaware of this benefit (Wolff et al., 2005) .
Second, obesity is more prevalent among the baby boom generation (born between 1946 and 1965) compared with those born in the prior decades (Leveille, Wee, & Iezzoni, 2005) . Based on our finding that obese individuals are more likely to use more ADs-and for a wider number of ADLs-it should be anticipated that AD use will climb as the baby boom population ages. Beyond their sheer numbers, the higher prevalence of obesity among baby boomers and their higher levels of education will make ADs even more widely used in the future.
